The observation of gravitational-waves from merging supermassive black holes will be transformative: the detection of a low-frequency gravitational-wave background can tell us if and how supermassive black holes merge, inform our knowledge of galaxy merger rates and supermassive black hole masses, and enable the possibility of detecting new physics at nanohertz frequencies. All we have to do is time pulsars.
detected by PTAs in the next three to five years [8] . Assuming circular binaries which have decoupled from their environment (and there therefore merging due to GW emission), one can write the characteristic strain of the background as a function of its amplitude at a reference frequency of 1/yr: ℎ = ( −1 ) Equation 1, where = −2/3 for black holes [9] , Figure 1 . The amplitude of the GW background depends on the black hole masses, the merger timescales and the pair fraction. While we have written the characteristic strain as a power-law in Equation 1, this only holds true if the binaries are circular. In fact, the shape of the strain spectrum depends on how SMBHs merge [5] , Figure 1 , which we explore below.
The GW Background
The solution to the final parsec problem can leave an imprint in the strain spectrum (Equation 1) of the GW background. Since stellar hardening, torques from a circumbinary disk, and eccentricity are effective ways of shrinking the binary at parsec-scale separations -much more effective than gravitational radiation --they can deplete the power in the GW background's very low frequencies (wide binary separations), Figure 1 . The transition from environmental interactions dominating the binary evolution to GW emission happens at a few nanohertz: roughly 3nHz for stellar hardening, and 0.14 nHz for accretion models, e.g. [10] and references therein. One can therefore search for a turnover in the strain spectrum of the background and constrain e.g. the density of stars surrounding the binary, causing it to merge via stellar hardening. This was done for the first time in ref. [10] .
In the unlikely scenario where some fraction or all binaries stall, interactions between multiple SMBHs from subsequent galaxy mergers with mass ratios 10 −4 < * < 1 will allow the black holes to merge. This creates a floor to the GW background, albeit at a factor of a few lower than the amplitude of models with no stalling [11, 12] .
The next 10 years
SMBHBs merge before ever reaching the high-frequency LIGO band. For example, the innermost stable circular orbital frequency of an equal-mass 10 9 ⊙ SMBHB is ~4 Hz, assuming it is not spinning. This is also outside the range of GW frequencies accessible by the future LISA mission, scheduled to launch in 2034. The LISA instrument is instead expected to detect 10 5 − 10 6 ⊙ SMBHBs, as well as inspiralling extreme mass ratio BH systems and a foreground from galactic white dwarf binaries. A 3 detection of the nanohertz GW background is currently possible with PTAs, and likely to occur in three to five years, with the details depending on the underlying astrophysics of SMBH mergers, Ref [8] . Figure 2 shows the time to detection of the GWB given the "true" amplitude of the background, at a reference frequency of 1/yr, assuming a power-law model. This study included the current IPTA pulsars' noise properties and added six pulsars per year with 250 ns timing residuals, labelled IPTA+.
We are entering into an exciting detection and non-detection era alike: current upper limits disfavor the most optimistic models of the GW background [13] and are starting to be in tension with moderate models, e.g. Ref [5] . Indeed, since the GW background signal is expected to build up slowly over time [14] , one expects to see a 2σ level feature at least one or two years before a 3 detection (X. Siemens, private communication). If detection prospects increase as expected, in ~5 years one could detect a GW background with an amplitude of = 5 × 10 −16 , enabling us to probe a GW background generated from stalled SMBHBs, merging through subsequent manybody BH interactions [11, 12] . In 6 years, one may be able to determine if in fact supermassive black hole masses have really been overestimated [15] . Importantly, both [11] and [12] show that there is a floor to the GWB at around = 10 −16 . According to the results from [8] , it should take PTAs another 10 years to reach this floor, Figure 2 .
Five years after the detection of the nanohertz GW background, individual SMBHB systems are expected to be detected [16] . These individual binary systems will be fascinating to study: if an electromagnetic counterpart is detected, multimessenger astrophysics will be possible until the binary merges, which can be anywhere from 150 yrs to 25 Myrs. Ten years after the GW background detection, we expect to characterize it sufficiently well to extract its underlying anisotropy [14, 18] , which should follow large-scale structure. Indeed, the next decade of PTA data has the potential to transform what is known about massive SMBHs mergers, the SMBH population fraction, the relationship between SMBH mass and galaxy mass, galaxy merger rates, and fundamental physics at nanohertz frequencies. Both the detection and non-detection of the GW background in the next 5 years will signal the beginning of this exciting era: all we have to do is time pulsars. The black line is the gravitational-wave background (GWB) strain spectrum assuming circular SMBHBs which have decoupled completely from their environment. The green shaded area represents galaxy population uncertainties which affect the amplitude of the strain spectrum: SMBHB merger timescales, uncertainties in SMBH masses (drawn from supermassive black hole -host galaxy scaling relations), the SMBH pair fraction, and the redshift evolution of these uncertainties. The blue dotted line is the resulting shape of the strain spectrum if the final parsec problem is over-solved: either via stellar hardening, circumbinary disc interactions, and eccentricity. These are all more effective at carrying away energy from the binary at wide separations (or low frequencies) than GW emission. The black holes could also stall, pink region, which would lead to an overall decrease in the amplitude of the strain spectrum. there is a 95% chance of making a 3 detection of the GWB predicted by Ref [13] . Ref [13] is the most optimistic model, and is in tension with current upper limits, while Ref [14] is starting to be in tension with upper limits. The amplitude of a GWB arising from a population of stalled binaries, eventually merging through many-body interactions, will be detectable in 5 years (Ref [11] ), and if supermassive black hole masses are biased large (Ref [15] ), the background will be detected in 6 years. In the worst-case scenario, explored by Ref [12] , we will hit the floor of the GWB in 10 years from now. [8] .
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